Background: Macrophages are key players in the pathogenesis of benign prostatic hyperplasia (BPH). But, molecular mechanisms by which macrophages promote prostate cell proliferation remain unclear. Results: Macrophages can enhance the growth of prostate stromal cells via an androgen receptor (AR)-CCL3-dependent pathway. Conclusion: CCL3 is an AR downstream regulator of macrophages in promoting prostate stromal cell growth. Significance: AR and CCL3 could be targets of opportunity for new therapeutic approaches for the treatment of BPH.
Infiltrated macrophages may play important roles in the development and progression of benign prostatic hyperplasia (BPH), but the underlying mechanisms remain largely unknown. We found increased macrophages infiltration in human and mouse BPH tissues. By establishing a co-culture transwell system, we found increased migration of macrophages and proliferation of prostate stromal cells during co-culture. Importantly, stromal androgen receptor (AR) could enhance the migration of macrophages and macrophage-mediated stromal cell proliferation. We identified CCL3 as an AR downstream player, and found CCL3 levels were notably increased in human and mouse BPH prostates. Ablation of prostate stromal AR in a mouse BPH model significantly reduced CCL3 expression levels in prostates. Consistently, targeting AR via an AR degradation enhancer, ASC-J9, or neutralization of CCL3 with an antibody, resulted in suppression of macrophage migration and prostate stromal cell growth. Our study provides mechanistic insights on the regulation of prostate stromal cells by macrophages via stromal AR/CCL3 signaling pathways, which could potentially allow the development of therapeutic approaches for battling BPH with persistent inflammation.
Benign prostatic hyperplasia (BPH)
4 is the most common urologic disease of elderly males, and impacts about one-quarter of men in their 50s, one-third in their 60s, and about half of patients with various degrees of bladder outlet obstruction associated with lower urinary tract symptoms (1) . Despite the medical significance of BPH in aging males, the pathogenesis of this disorder is unclear, although theories such as altered estrogen/androgen balance (2-5), increased oxidative stress (6) , metabolic syndromes (7, 8) , chronic inflammation (1, 9, 10) , and altered activity of autonomic nerves (11, 12) , have been postulated. There are about 9-and 37-fold increases in the proliferative rate of the prostate epithelium and stroma, respectively, in BPH compared with the normal prostate, suggesting that prostate stromal hyper-proliferation is a crucial feature in BPH pathogenesis (13) .
The molecular and cellular mechanisms involving stromal and epithelial components of the prostate leading to BPH remain unclear, however, numerous studies show prostatic inflammation is a causative factor in the pathogenesis of BPH (1, 9, 14 -16) . Moreover, recent clinical trials have suggested a relationship between prostatic inflammations and lower urinary tract symptoms of BPH (17, 18) . However, there has been no available model in vivo or in vitro to study roles of macrophages in the microenvironment of BPH via the interaction with prostate stromal cells. In an effort to uncover the processes and molecular mechanisms by which infiltrating macrophages promote prostate stromal cells growth, we have established a co-culture system of macrophages/prostate stromal cells, and demonstrated that macrophage-induced prostate stromal growth involves stromal androgen receptor (AR) 3 inflamma-tory chemokine-chemokine (C-C motif) ligand 3 (CCL3) 3 macrophage infiltration and the stimulation of prostate stromal cell proliferation. Our findings might help us to develop a new potential therapeutic approach to prevent BPH progression.
MATERIALS AND METHODS
Reagents and Antibodies-ASC-J9 (5-hydroxy-1,7-Bis(3,4-dimethoxyphenyl)-1,4,6-heptatrien-3-one) from AndroScience Corporation (San Diego, CA) was generated as described previously (19) . ASC-J9 was dissolved in DMSO (Sigma) and diluted with corn oil (Sigma). Anti-AR (N20) and anti-CD68 antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-Mac3 antibody was purchased from BD Biosciences. Anti-CCL3 antibody was purchased from ABGENT (San Diego, CA). Anti-mouse CCL3/MIP-1␣ (AF-450-NA) neutralizing antibody was purchased from R&D Systems (Minneapolis, MN).
Primary Cultured Mouse Prostate Stromal Cells (mPrSCs) and Immortalization-Mouse prostate tissue specimens were obtained from Probasin-Prolactin transgenic (Pb-PRL-tg) mice and the primary culture protocol was performed as described previously (20) . The mPrSCs were cultured with DMEM supplemented with 10% fetal bovine serum (FBS). To obtain the immortalized mPrSC cell line, the lentivirus pWPI-E1A was co-transfected with pMD2.G and pAX2 into 293T cells from American Type Culture Collection (ATCC, Manassas, VA). After a 48-h transfection, the cultured media of 293T cells were harvested and mixed with fresh DMEM culture media (ratio 1:1) and 8 g/ml of Polybrene (Millipore, Billerica, MA), then incubated with primary cultured cells for 24 h. After 3-5 passages, the surviving cells are the immortalized cells (mPrSC-E1A).
Generation of Pb-PRL-tg and dARKO/Pb-PRL-tg Mice-The floxed Ar mice were generated by insertion of loxP sites flanking to exon-2 region of Ar gene in C57BL/6 background. The stromal double-cre mice were generated by mating of male Fsp1-cre mice (a gift from Dr. N. A. Bhowmick) with female Tgln-cre mice (Jackson Laboratory, Bar Harbor, ME) and backcrossed to C57BL/6 background more than 5-6 generations. Pb-PRL-tg mice were kindly provided by Dr. H. Wennbo and Dr. J. Kindblom and backcrossed into the FVB background (21) . The generation of dARKO/Pb-PRL-tg mouse was followed as described previously (22) . Mouse prostates were harvested according to the protocols approved by the Division of Laboratory Animal Medicine, University of Rochester Medical Center.
Primary Cultured Mouse Bone Marrow-derived Macrophages (mBMMs)-The mBMMs were obtained as described (47, 48) . Briefly, BM cells were expressed from the femur and tibia of 6 -8-week-old C57BL/6 mice. After centrifugation at 500 ϫ g, RBCs were lysed by resuspending the cell pellet in ammonium chloride solution (STEMCELL Technologies, Inc., Vancouver, Canada) at 37°C for 5 min. Cells were then washed three times in RPMI 1640 and plated in 10-cm dishes at 1 ϫ 10 7 cells per dish in RPMI 1640 medium with 10% FBS and 100 ng/ml of M-CSF (R&D Systems). After 3 days incubation, the media was removed and replaced with fresh media plus 100 ng/ml of M-CSF (macrophage-colony stimulating factor). After an additional 3 days, mBMMs were about 80% confluent and used for experiments.
Cell Line and Co-culture Experiments-The mouse macrophage cell line, RAW264.7, was purchased from ATCC and cultured in RPMI 1640 with 10% FBS. Cultures were grown in a humidified 5% CO 2 environment at 37°C. 24-Well and 6-well transwell plates (3 m) were used for co-culture experiments (Corning Inc., Corning, NY).
Plasmids and Stable Cell Lines-To generate AR overexpression stable clones of the mPrSC-E1A cell line, the lentivirus vector, pWPI-AR, or pWPI-control, were co-transfected with pMD2.G and pAX2 into 293T cells. After a 48-h transfection, the cultured media of 293T cells was harvested and mixed with fresh DMEM culture media (ratio 1:1) and 8 g/ml of Polybrene (Millipore), then incubated with mPrSC-E1A cells for 24 h. The viral-infected mPrSC-E1A cells contain green fluorescence protein (GFP), so the mPrSC-AR or mPrSC-vector stable cells were obtained by flow cytometry sorting.
Cell Proliferation Assay-The mPrSC cells were seeded in 24-well plates (10 3 cells/well) and cultured in DMEM for 24 h. Then, cells were fed fresh DMEM and conditioned media from RAW264.7 macrophages (1:1) or control media and incubated for an additional 2 or 4 days. MTT reagent (Promega, Madison, WI) was added at 2 and 4 days per the manufacturer's instructions. After a 4-h reaction, absorbance of the converted dye was measured at a wavelength of 595-620 nm.
Cell Migration Assay-In vitro cell migration assay was performed using 24-well transwell inserts (5 m) (BD Biosciences) according to the manufacturer's instructions. RAW264.7 cells (1 ϫ 10 5 /well) were seeded in the upper chamber of transwell plates and mPrSC-V/mPrSC-AR cells were seeded in the lower chamber. Cells were incubated for 20 h. The migrated cells of RAW264.7 cells were stained and counted from six random fields.
RNA Extraction and Quantitative Real-time PCR AnalysisTotal RNA was isolated using TRIzol reagent (Invitrogen) according to the manufacturer's instructions. 1 g of total RNA was subjected to reverse transcription using Superscript III transcriptase (Invitrogen). RT-PCR has been described previously (23) . Primers used were as follows: Ar sense, 5Ј-GGACA-GTACCAGGGACCATG-3Ј; antisense, 5Ј-TCCGTAGTGAC-AGCCAGAAG-3Ј; Gapdh sense, 5Ј-GCTCCTGGA-AGATGGTGATG-3Ј; antisense, 5Ј-GGTGAAGGTCGGTG-TGAAC-3Ј; Ccl2 sense, 5Ј-TTAAAAACCTGGATCGGAAC-CAA-3Ј; antisense, 5Ј-GCATTAGCTTCAGATTTACGGGT-3Ј; Ccl3 sense, 5Ј-TTCTCTGTACCATGACACTCTGC3Ј; antisense, 5Ј-CGTGGAATCTTCCGGCTGTAG-3Ј; Ccl4 sense, 5Ј-TTCCTGCTGTTTCTCTTACACCT-3Ј; antisense, 5Ј-CTGTCTGCCTCTTTTGGTCAG-3Ј; Cox-2 sense, 5Ј-TGAGCAACTATTCCAAACCAGC-3Ј; antisense, 5Ј-GCA-CGTAGTCTTCGATCACTATC-3Ј.
Quantitative real-time PCR was conducted using a Bio-Rad CFX96 system with SYBR Green to determine the level of mRNA expression of a gene of interest. Expression levels were normalized to the expression of Gapdh RNA.
Western Blot Analysis-mPrSC cells were lysed in RIPA buffer (50 mM Tris-HCl, pH 7.4, 1% Nonidet P-40, 150 mM NaCl, 1 mM EDTA, 1 mM PMSF, 1 mM Na 3 VO 4 , 1 mM NaF, 1 mM okadaic acid, and 1 mg/ml of aprotinin, leupeptin, and pepstatin). Individual samples (30 -35 g of protein) were prepared for electrophoresis run on 8 -10% SDS-PAGE gel and then transferred onto PVDF membranes (Millipore). After blocking the membranes with 5% fat-free milk in TBST (50 mM Tris, pH 7.5, 0.15 M NaCl, and 0.05% Tween 20) for 1 h at room temperature, the membranes were incubated with appropriate dilutions of specific primary antibodies overnight at 4°C. After washing, the blots were incubated with anti-rabbit or antimouse IgG HRPs for 1 h. The blots were developed in ECL mixture (Thermo Fisher Scientific Inc., Rockford, IL).
ELISA-Conditioned media collected from mono-culture or co-cultures were also used for detection of CCL3 by mouse CCL3 ELISA kits (Ray Biotech, Inc.) according to the manufacturer's instructions.
H&E Staining and Immunohistochemistry-Human prostate tissue microarray slides were provided by the Department of Surgical Pathology, University of Rochester Medical Center. Mouse prostate tissues were fixed in 10% (v/v) formaldehyde in PBS and embedded in paraffin, and cut into 5-m tissue sections. Prostate sections were deparaffinized in xylene solution and rehydrated using gradient ethanol concentrations. For H&E staining, the sections were stained in hematoxylin for 5 min, and washed in running tap water for 5 min. Then the sections were stained in eosin for 30 s, dehydrated, and mounted by routine methods. Immunostaining was performed as described previously (24) . For systematic counting of macrophages or CCL3 positive cells, six ocular measuring fields within a tissue were randomly chosen under a microscope at ϫ400 magnification. The mean number of human CD68/ mouse Mac-3/CCL3 positive cells in these six areas was determined as the macrophage count for each case.
Statistics-The data values were presented as the mean Ϯ S.D. Differences in mean values between two groups were analyzed by two-tailed Student's t test. p values Յ 0.05 were considered statistically significant.
RESULTS

Increased Infiltrated Macrophages in Stroma of Human BPH
Prostate Tissues-Emerging evidence indicates that increased infiltrated macrophages may contribute to prostate stromal growth in the development and progression of BPH (25) . To confirm if the number of infiltrating macrophages is increased in human BPH specimens compared with the normal tissues, we performed immunohistochemical staining analyses of the human BPH and normal prostate control tissues using a macrophage specific antibody, CD68. Our data showed that there were only a few macrophages in normal prostate tissues. But, we found increased macrophages in BPH prostate tissues (Fig.  1, arrows) . These clinical results suggest that infiltrating macrophages might be key players in the development and progression of BPH.
Stromal AR Enhanced Migration of Macrophages in a Stromal Cells/Macrophages Co-culture System-To investigate the potential role of increased infiltrating macrophages in prostate BPH stroma, we established a co-culture model and found more macrophage migration during co-culture of mPrSCs that were isolated from the Pb-PRL-tg mice (21, 26) with RAW264.7 macrophage cells ( Fig. 2A) . Similar results also were obtained when we replaced RAW264.7 cells with the primary mBMMs (Fig. 2, A and B) . These results suggest that the cross-talk of prostate stromal cells and macrophages may prompt induction of chemotactic activity that may drive increased infiltration of macrophages.
To determine whether stromal AR has any regulatory role in directing the macrophages infiltration during the cross-talk with macrophages, we then established the immortalized mPrSC cells with either AR-infected (mPrSC-AR) or vectorcontrol (mPrSC-V), and confirmed the AR mRNA and protein levels of mPrSC-AR and mPrSC-V cells via quantitative realtime PCR and Western blot analysis (supplemental Fig. S1, A  and B) . We found the addition of AR in mPrSC cells led to increased migration of RAW264.7 macrophage cells toward prostate stromal cells (Fig. 2A) . Similar results were also obtained when we replaced RAW264.7 macrophage cells with the mBMMs (Fig. 2B) . Together, results from Fig. 2, A and B, concluded that stromal AR might play an important role in promoting macrophage infiltration during the cross-talk between prostate stromal cells and macrophages.
Stromal AR Enhanced Macrophage-induced Prostate Stromal Cell Proliferation-To investigate the consequence of more infiltrating macrophages migration toward prostate stomal cells during the co-culture system, we examined the cell growth of mPrSC cells during co-culture with RAW264.7 cells using the MTT assay. We found that increased macrophage RAW264.7 cell migration to mPrSC cells led to enhanced cell growth of mPrSC cells (Fig. 2C, left panel) . Similar results were obtained when we replaced RAW264.7 cells with mBMMs (Fig.  2D, left panel) . Consistently, we found addition of AR in mPrSC cells also led to dramatically enhanced RAW264.7 cell-induced mPrSC cell growth (Fig. 2C, right panel) , and similar results were observed when we replaced RAW264.7 cells with mBMMs (Fig. 2D, right panel) . Taken together, results from Fig. 2 , C and D, suggest a novel role for stromal AR in promoting macrophage-mediated enhancement of prostate stromal cell growth.
Inflammatory Cytokine CCL3 as a Key Mediator for Macrophages Infiltration and Macrophages-induced Stromal Cell
Proliferation-To identify which inflammatory cytokine/ chemokine is responsible for macrophage-induced prostate mPrSC stromal cell proliferation, we performed quantitative PCR analysis to screen chemokines/cytokines/other factors that were potentially involved in this cross-talk between macrophages and mPrSC stromal cells (supplemental Fig. S2, A and  B) . Of these cytokine transcripts, we found a remarkable and consistent increase of CCL3 expression in both prostate stromal cells and macrophages after co-culture (Fig. 3, A and B) , suggesting that the cross-talk of both cell types during co-culture triggered induction of CCL3. Previously, it has been shown that chemokines (CC-type and CXC-type) are abundantly expressed in aged prostate stromal cells (27) , supporting that induction of chemokines could be an important process for prostate cell proliferation and enlargement. Especially, among CC-type chemokines, CCL3 has been shown to be important for senescence regulation (28) , which is also an important mechanism for BPH development (27) . But, CCL3 has never been identified as a key player involved in AR-mediated prostate stromal expansion. Therefore, we hypothesized that CCL3 could be a novel regulator of this regulation by prostate stromal AR. More importantly, as shown in Fig. 3 , C and D, addition of AR in mPrSC-AR cells increased CCL3 expression as compared with that from mPrSC-V after co-culture with RAW264.7/ mBMMs. Increased induction of CCL3 at the protein expression level was confirmed by ELISA. These data identified a previously unrecognized role of prostate stromal AR in promoting CCL3 expression during the cross-talk with macrophages. Next, we applied neutralizing antibody against CCL3 to confirm its role in mediating this regulation. As expected, addition of neutralizing CCL3 antibody in the co-culture system resulted in a significant reduction of the migration of RAW264.7 or mBMMs (Fig. 4, A and B) , and macrophage-induced mPrSC cell proliferation during co-culture (Fig. 4, C and  D) . Together, results from Fig. 4 , A-D, concluded that CCL3, a downstream gene of prostate stromal AR, plays crucial roles in mediating macrophage recruitment and macrophage-induced prostate stromal cell proliferation.
Stromal AR 3 Inflammatory Cytokine CCL3 3 Prostate Stromal Cell Proliferation in a Prolactin-induced BPH Mouse
Model-We then confirmed our above in vitro co-culture results with in vivo data using a prolactin-induced BPH mouse model (21, 26) . Using a cre-loxp system, we were able to knockout AR in Pb-PRL-tg mice that could spontaneously develop prostate enlargement after puberty throughout adulthood to mimic human BPH development, and we found that Pb-PRL-tg mice lacking stromal fibromuscular AR developed smaller prostates with a lower proliferation index (22) . We performed immunohistochemical analysis with a CCL3-specific antibody and a mouse macrophage-specific antibody Mac-3, in prostate tissues of these mice and their littermate controls, and found increased macrophages and CCL3 in the Pb-PRL-tg BPH mice compared with wild-type littermate controls (Fig. 5A) . Consistently, the ablation of the stromal fibromuscular AR in the Pb-PRL-tg BPH mouse (named as dARKO/Pb-PRL-tg) reduced infiltrating macrophages and the CCL3 expression level in prostate tissues (Fig. 5A ), confirming our above in vitro co-culture results and supporting a important role of prostate stromal AR in controlling CCL3 expression to influence macrophage infiltration and prostate stroma growth during BPH development.
Inflammatory Cytokine CCL3 in Human BPH Prostate Tissues-To further confirm the clinical relevance of our data, we then assayed human BPH prostate tissues. We also examined CCL3 expression in these human BPH prostate tissues and found little expression of CCL3 in the normal prostate gland compared with increased CCL3 staining in the BPH prostates (Fig. 5B) , suggesting CCL3 might play important roles in the recruitment of macrophages and promoting human BPH development and progression.
Targeting Stromal AR with an AR Degradation Enhancer, ASC-J9, Led to Suppress Stromal AR-mediated Enhancement of Macrophage Infiltration, Stromal Cell Growth, and CCL3
Induction-To further confirm the functional contribution of AR in this regulation, the AR degradation enhancer, ASC-J9, which was able to selectively degrade AR proteins in different types of cells, was used to inhibit AR function during co-culture (supplemental Fig. S3) (29 -31) . We examined ASC-J9 effects (5 M) on the migration of macrophages and macrophage-induced prostate stromal cell growth. We found that ASC-J9 treatments effectively suppressed the migration of RAW264.7 cells (Fig. 6A) or mBMMs (Fig. 6B) , and inhibited RAW264.7-induced (Fig. 6C) or mBMMs-induced mPrSC cell proliferation (Fig. 6D) . Consistently, ASC-J9 treatments also significantly decreased the expression levels of CCL3 in mPrSC cells after co-culture with macrophages (supplemental Fig. S4 ). These data indicate that targeting stromal AR by ASC-J9 can effectively suppress the cross-talk between macrophages and prostate stromal cells, and resulted in suppression of CCL3 induction and prostate stromal cell growth. 
DISCUSSION
During the development and progression of BPH, one of the most common features is prostate enlargement, and previous morphometric analysis studies showed that there is a 5:1 ratio of the stromal to epithelial compartment in BPH patients compared with a 2:1 ratio in nonhyperplastic normal prostate (32, 33) . These results strongly suggest that prostate enlargement in BPH is primarily caused by the un-proportional volume increase in the prostate stromal compartment. Histological analysis results also revealed that the increased volume of the stromal compartment is the result of hyperproliferation of prostate stromal cells (34) . We thus hypothesized that the aberrant proliferation of prostate stromal cells might be responsible for the BPH pathogenesis.
At present, there is no consensus on the etiology of BPH. However, the majority of etiological postulations point toward prostatic inflammation as one of the potential initiators of BPH (1, 9, (35) (36) (37) (38) . Although there is still no agreement as to whether inflammation is simply a parallel occurrence or a direct cause, some evidence suggests a significant correlation between inflammation and BPH (1, 36, 39) , which is consistent with our study showing that infiltrated macrophages could play a role in promoting stromal cell proliferation (Fig. 2, C and D) .
Previously, several studies have shown that altered cytokine/ chemokine expression is associated with BPH foci and local stromal responses in human BPH (40 -42) . Studies by Macoska and colleagues (40) have shown that aging prostate reactive stroma displays an up-regulation of several secreted inflammatory chemokines including CXCL1, CXCL2, CXCL5, CXCL6, and CXCL12, as well as IL-11, IL-33, and cytokine-like 1 (CYTL1). Furthermore, CXCL1, CXCL5, and CXCL6 secretion was elevated in primary BPH stromal fibroblasts, and CXCL1, CXCL5, CXCL6, and CXCL12 all activated a sustained proliferative response in prostate stromal fibroblasts and epithelial FIGURE 5 . CCL3 expression in the prolactin-induced BPH mouse model and BPH patients. A, H&E staining and immunohistochemical staining of wild-type (WT) mice (n ϭ 9), Pb-PRL-tg mice (n ϭ 8), and dARKO/Pb-PRL-tg mice (n ϭ 3) using mouse macrophage-specific antibodies anti-Mac-3 and CCL3. B, immunohistochemical staining of human normal prostate tissues (n ϭ 7) and BPH tissues (n ϭ 8) using anti-CCL3 antibody. **, p Ͻ 0.01.
cells. The authors postulated that "inflammatory mediators are secreted by prostatic stroma," which may facilitate "low-level increases in the proliferative rate" potentially explaining the "low-level, but cumulative, proliferation of both epithelial and fibroblastic/myofibroblastic cell types that could promote aging-associated development of BPH" (40, 43, 44) . It is becoming evident that inflammation, elevated chemokine expression, and induction of a tissue repair type of fibrotic/hyperplastic responses in aged prostate are interrelated in the development of BPH. Also, these studies mainly focused on the paracrine action of aged fibroblasts on prostate cell proliferation. However, the role of chemokines in mediating the cross-talk between macrophages and prostate stromal cells remains unclear.
Therefore, our study focused on important inflammatory macrophages of the cell, which may directly promote prostate stroma growth after infiltration into prostate via interaction with prostate stromal cells. Bianchi-Frias et al. quantified transcription levels in microdissected glandular-adjacent stroma from young (age 4 months) and old (age 20 -24 months) C57BL/6 mice, and identified macrophages, as well as inflammation-associated genes CCL8, CCL12, CCL5, and CCL7, were significantly increased in the aged prostatic stroma (45) , suggesting that macrophages could play an important role in promoting chemokine induction and prostatic stroma expansion.
To determine the potential role of macrophages in promoting stromal cell growth, we established an in vitro co-culture system of macrophages/prostate stromal cells, which allows us to systematically identify key inflammatory mediators that are essential for interaction between macrophages and prostate stromal cells in vitro. We believe our co-culture model can mimic the in vivo interaction of macrophages and stromal cells in an inflammatory microenvironment of BPH. We found that prostate stromal cells could attract macrophage infiltration and the growth of prostate stromal cells could be enhanced by macrophages during co-culture, supporting a potential role for macrophages identified from inflamed stroma by immunohistochemical analysis of BPH prostate tissues (Fig. 1) . More importantly, our findings support a new role of prostate stromal AR in this interaction (Fig. 2, A and B) , showing that AR further enhances the migration of macrophages, as well as the macrophage-mediated proliferation of prostate stromal cells during co-culture. Our study has established a previously unrecognized role of stromal AR in mediating the cross-talk between macrophages and prostate stromal cells, implicating the possibility that aberrant AR function in prostate stroma may exacerbate inflammatory responses associated with BPH. Also, we have performed a screening of various cytokines, identified CCL3 as a potential mediator, and confirmed that induction of CCL3 is essential for macrophage infiltration and macrophage- mediated proliferation of prostate stromal cells (Fig. 3, A and  B) . Interestingly, targeting AR via ASC-J9 or using a CCL3-specific neutralizing antibody resulted in suppression of macrophage migration and macrophage-mediated growth of prostate stromal cells. Similarly, the ablation of AR in the stromal-fibromuscular tissue of prostate significantly attenuates the enlargement of prostate tissues, and reduces macrophage infiltration and CCL3 induction in Pb-PRL-tg mice (Fig. 5A) . These data also establish a potential role of prostate stromal AR in regulating CCL3 expression during the cross-talk between macrophages and stromal cells. Intriguingly, AR may not promote the induction of CCL3 via a transcriptional regulation because we were not be able to identify a potential AR binding sequence (androgen response element) in the CCL3 promoter region that could be validated by the ChIP binding assay (data not shown). We postulate that during the cross-talk between macrophages and prostate stromal cells, AR may play an assistive role in promoting inflammatory signaling that drives induction of CCL3 instead of directly inducing CCL3 expression via androgens. Our study identifies a potential link between AR and CCL3 in the prostate stroma that contains infiltrated macrophages. This could support a potential BPH model in which inflammatory signaling pathways could act synergistically with AR signals to promote the proliferation of prostate stromal cells. This may be distinct from the regulation of various chemokines identified in senescent fibroblasts as described above, because that study (40) only focused on the paracrine factors of senescent fibroblasts. Therefore, we postulate that inflammatory chemokines, such as CCL3, could be one other driving force factor for prostate stromal expansion during inflammation-associated BPH development and progression, which may also explain why certain patients did not respond well to anti-androgen therapy (46) .
Taken, together, our findings delineate a potential mechanism by which infiltrating macrophages promote prostate stromal cell proliferation through stromal AR/CCL3-dependent pathways, which could possibly be one of the key pathways for stromal expansion during BPH development and progression. These results provide significant insights in searching for new combined therapeutic approaches to battle BPH associated with recurrent inflammation using anti-hormone and anti-inflammatory strategies.
In conclusion, there is an urgent need for the identification of new targets or key pathways that are essential for preventing the BPH hyperplastic phenotype. Our findings conclude that CCL3 is a key AR downstream inflammatory mediator, which could enhance the macrophages infiltration and promote proliferation of prostate stromal cells, and the administration of anti-CCL3 neutralizing antibody would attenuate the hyperplastic phenotype. We believe that CCL3 could serve as a potential target for future therapeutic design of BPH treatment instead of the medical castration approach.
